Therapeutic angiogenesis induced by controlled release of fibroblast growth factor-2 from injectable chitosan/non-anticoagulant heparin hydrogel in a rat hindlimb ischemia model.
The addition of non-anticoagulant heparin [periodate-oxidized (IO4) heparin] and fibroblast growth factor (FGF)-2 to a viscous water-soluble chitosan (CH-LA) aqueous solution produces an injectable FGF-2/CH-LA/IO4-heparin hydrogel. The purpose of this study was to examine the ability of the injected FGF-2/CH-LA/IO4-heparin hydrogel to induce vascularization and fibrous tissue formation. FGF-2/CH-LA/IO4-heparin hydrogels (100 microL of hydrogel consisting of 20 mg/mL of CH-LA, 2 mg/mL of IO4-heparin, and 50 microg/mL of FGF-2) were subcutaneously injected into the backs of wound healing-impaired diabetic (db/db) mice. Furthermore, the effect of percutaneous injection of FGF-2/CH-LA/IO4-heparin hydrogel at eight sites (25 microL/site) into ischemic left lower limbs of rats was examined from day 4 to at least day 28 postinjection. The injection of FGF-2/CH-LA/IO4-heparin hydrogels into the backs of db/db mice resulted in significant increases in blood vessel formation, significant vascularization, and fibrous tissue formation near the injection site. Injection of FGF-2/CH-LA/IO4-heparin hydrogel into ischemic left lower limbs of rats also significantly recovered and increased blood flow and blood oxygen in the calf and thigh. These results indicate that the controlled release of biologically active FGF-2 molecules from FGF-2/CH-LA/IO4-heparin induces angiogenesis and possibly collateral circulation in db/db mice and the ischemic limbs of rats.